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METHOD FOR PROCESSING SULFIDE ORES CONTAINING PRECIOUS 
METALS 

The present invention relates to a method for processing sulfide ores containing 
5 precious metals, such as copper ores containing nickel. 

At present nickel bearing copper ores are processed by flotation, so that there 
are directly and selectively produced separate copper and nickel concentrates, 
or then nickel concentrate is produced by depressing from a combined copper- 

10 nickel concentrate. The precious metals, such as gold, platinum and palladium 
contained in the raw materials are later separated in the further processes of 
copper and nickel. Almost without exception, copper-nickel separations include 
known sub-steps that reduce recovery and increase expenses, such as the 
repeating of the copper concentrate for increasing copper content and for 

15 lowering nickel content. Often precious metals are conducted from combined 
concentrates directly, in connection with smelting, to copper or nickel matte, 
especially if the copper and nickel quantities are relatively small with respect to 
the precious metals. 

20 A few processes, different from those mentioned above, are being developed. 
The most typical of these is the process developed by Lakefield, based on the 
combined use of sulfuric acid (H 2 S0 4 ) and hydrochloric acid (HCI) and 
autoclave conditions for leaching platinum-palladium-gold-copper and nickel 
bearing concentrates directly, so that all valuable components should go to the 

25 solution. The temperature employed in the process is 210 - 230° C. Said 
conditions mean that for example all sulfidic sulfur is oxidized into sulfate. The 
commercial application of this process type is restrained for example by the 
high oxidation potential needed in the leaching of precious metals, the 
sometimes strong tendency of said minerals to be passivated, their tendency to 

30 be adsorbed in refuse minerals in solution-solids separations, their tendency to 
remain in precipitations in connection with leaching, and to be cemented due to 
the effect of the remaining non-sulfatic or corresponding sulfur compounds. 
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When also the raw material, i.e. platinum-palladium-copper-nickel concentrate, 
is often poor, and the temperature range of over 200° C is economically 
expensive, the total leaching process becomes impractical for the above 
mentioned raw materials. 

5 

A third known process type is represented by the chloride assisted 
hydrometallurgical method described in the US-patent 5,902,474. Although the 
method, i.e. a process system utilizing mainly two-step leaching (autoclave + 
atmospheric) and liquid-liquid extraction, is meant for the recovery of copper 
10 and zinc, it also takes into account, in a restricted way, some requirements set 
by precious metals. 

The object of the method according to the invention is to alleviate drawbacks of 
said known processes of ores containing precious metals, such as copper ores 

15 containing nickel, connected both to the copper-nickel separation and to 
iron(copper + nickel) separations, but particularly to the recovery of precious 
metals, such as platinum, palladium and gold, as well as to alleviate the 
drawbacks connected to the process expenses. The method utilizes, in the 
various process steps starting from concentration, the principles described for 

20 example in the patents US 5,108,495 and US 4,561,970, for controlling the 
processes in terms of the conditions set by the minerals, so that the leaching 
step or the conversion step are at least partly controlled by means of mineral- 
specific potentials, impedance values or content values. As such, the method 
does not even attempt at leaching precious metals. In case precious metals are 

25 obtained in the solution, they are cemented in the sediment for example by 
means of sulfides at the end of the leaching. The essential features of the 
invention are enlisted in the appended claims. 

In a method according to the invention, at least part of the ore containing 
30 precious metals, and possibly some other material containing valuable 
components (nickel, cobalt, copper) is advantageously leached in sulfate or 
chloride based leaching, or in a leaching based on a combination of these, as 



WO 2005/007901 



PCT/FI2004/000452 



3 

atmospheric leaching in the temperature range of 50 - 105° C. The leaching 
can also be carried out in an autoclave. As a result from the leaching, there is 
obtained a solution containing iron, copper, nickel and cobalt, as well as 
possibly part of the precious metals, and a leaching residue. Copper sulfide and 
5 the precious metals contained by copper sulfide may remain partly undissolved. 
The solution, and at least part of the leaching residue, is conducted to at least 
one conversion step, i.e. to sulfidizing cementation. In the conversion, the 
copper and possible precious metals contained by the solution are cemented 
by an iron bearing sulfide, advantageously by a CuFeS 2 -(Ni,Fe,Co) 9 S8(Fei~ x S) 

10 concentrate containing as large a share of the precious metals as possible and 
different sulfides in the temperature range 90 - 200° C, preferably in the 
temperature range 150 - 190° C, when necessary according to the principles 
defined in the patents US 5,108,495 and US 4,561,970, as electrochemically 
adjusted. The sulfide material used in the conversion can be the same material 

15 or different material than the material going to leaching. 

As a result from the conversion, there is obtained a copper-rich Cu x S 
concentrate and a solution containing nickel, cobalt and iron. This solution, in 
which there can, when desired, also be added part of the leaching residue from 

20 the leaching step, is conducted to nickel and cobalt recovery, for example to the 
production of nickel, or it is precipitated, at least in one conversion step, by 
means of iron sulfides, such as Fe-i- x S or FeS, into nickel sulfide or cobalt 
sulfide or a combination of these. The iron is removed as jarosite precipitate or 
oxide precipitate. The method also gives a possibility to an effective treatment 

25 of nickel and cobalt bearing pyrrhotite, Fei- x S. The copper-rich Cu x S 
concentrate containing the precious metals is further conducted to copper 
production, in connection with which the precious metals are recovered. 

According to the method, the processing of mixed copper-nickel raw materials 
30 is advantageously controlled. This is due to the fact that in the method, the 
copper and nickel recoveries are remarkably increased, when it is not 
necessary to separate the nickel by depressing from the copper concentrate, if 
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the concentration step is required before the leaching step. A similar advantage 
is also connected to iron sulfides, especially to pyrrhotite (Fei- x S). Owing to 
other precipitation phases and impurities contained by pyrrhotite, the recoveries 
of iron sulfide ores, for example with respect to copper, platinum and palladium, 
5 are radically reduced, if pyrrhotite is depressed for example in flotation, as is 
the case in the conventional process chain. When necessary, the taking of all 
pyrrhotite along in the leaching does result in a lot of iron oxide precipitate and 
elemental sulfur as a product from the leaching. Iron oxide precipitate and 
elemental sulfur can be processed into a harmless form as such by using 
1 0 various known methods including different steps. 

According to the invention, for the material to be treated it suffices that 
advantageously only silicates are separated from the valuable components in 
the concentration. Still it is generally appropriate to create the gravitation 
15 concentrate as separate, because in the grinding, part of the minerals in the 
platinum-palladium group remains coarse, and flotation recoveries are low for 
these heavy and coarse minerals. At least the iron sulfide Fei_ x S that is richest 
in nickel and cobalt is taken along in the combined concentrate to be treated. 

20 An advantage of the method according to the invention, in comparison with the 
conventional copper smelting process, is for example that a high nickel content 
in the copper concentrate can be technically controlled at the same time as the 
precious metals are advantageously recovered along with the copper 
concentrate. As a product from the method according to the invention, there is 

25 obtained a sulfidic raw material with a high copper content, which raw material 
can be fed for example to a flash smelting furnace, to a furnace producing 
blister copper or to hydrometallurgic processes, As another product from the 
method according to the invention, there is obtained for instance a nickel 
bearing sulfate solution that can be treated as such, or precipitated as sulfide, 

30 hydroxide or a corresponding salt, which can then be fed in existing nickel 
production processes. 
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Various different leaching alternatives can be applied in the method according 
to the invention: the leaching can be based for example on sulfate leaching, 
chloride leaching or a combination of these. If the solution contains larger 
amounts of chloride for example, then the copper sulfide product (Cu x S) 
5 obtained from the process is washed after filtering under cathodic potential, 
created either electrically or by chemicals, in case the product rich in Cu x S is 
going to smelting. The same applies to other such products of the method of 
the present invention that are fed to other pyrometallurgical processes. Another 
preferred embodiment of the invention is one where leaching residue bearing 
10 precious metals is conducted to the production of nickel. In that case the nickel 
contained in the recirculation solution of a nickel process is subjected to 
conversion by iron sulfide, such as Fei- x S or FeS, according to the following 
reaction (1): 

15 Ni 2+ + FeS = NiS + Fe 2+ (1) 

The obtained nickel sulfide can in that case be poor with respect to platinum 
and palladium, or it may contain a leaching residue that is rich in platinum, 
palladium and gold. When in this method both nickel and cobalt are mainly 
20 contained in the solution, cobalt can be separated from nickel when so desired, 
for example by liquid-liquid extraction or by precipitating the cobalt selectively 
by ozone as the compound CoOOH. 

The invention is described in more detail below with reference to the appended 
25 drawing, Fig.1 being a flow diagram illustrating a preferred embodiment of the 
invention. 

According to the figure, part of the ore or concentrate 1 based on copper sulfide 
and containing nickel and precious metals is conducted to leaching 2, where 
30 also is fed oxygen bearing gas 3 and sulfuric acid 4 as part of the feed of the 
method according to the invention. Part of the feed of the method according to 
the invention is conducted to a conversion step 5 following the leaching step 2. 
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Advantageously the material 9 fed in the conversion step 5 is the same ore or 
concentrate 1 that is fed in the leaching step 2. To the leaching step 2, there 
also is conducted at least part of the sulfate solution 6 obtained from the 
conversion step 5 and containing nickel. 

5 

In the leaching step 2, the copper sulfide based ore or concentrate 1 containing 
nickel and precious metals is leached and neutralized, so that in the leaching 2, 
the iron is obtained in the precipitate 7. The solution 8 obtained from the 
leaching 2 is conducted, together with the part that was not dissolved, to the 

10 conversion step 5, where the copper is returned to sulfide form containing the 
precious metals by means of sulfide material 9 fed in the conversion step 5. 
The copper sulfide 10 containing the precious metals is removed from the 
conversion step 5 and conducted to be processed further. Part of the sulfate 
solution 6 from the conversion step 5 is returned back to the leaching step 2, 

15 whereas part of the sulfate solution 6 is advantageously conducted for instance 
to a new conversion step 11, where iron sulfide 12 is fed for turning the nickel 
and possibly the cobalt to a sulfide containing product 13 that can be processed 
further, for example in order to produce pure nickel. The solution obtained from 
the conversion step 11 is combined with the solution 6 obtained from the 

20 conversion step 5 and returned to leaching 2. 

Example 

A method according to the invention was applied for copper-nickel sulfide ore 
25 that contained as concentrate 14.7 % by weight copper, 2.6 % by weight nickel, 
30.5 % by weight sulfur and 138 ppm palladium and 39 ppm platinum. A total 
amount of 230 t concentrate was fed to the leaching step. The leaching was 
carried out as atmospheric leaching at the temperature of 80° C. From the 
leaching step, there were obtained 95 t solids going to the conversion step, as 
30 well as a solution having a copper content of 32 t and a nickel content of 6 t. A 
quantity of 16 t chalcopyrite concentrate (CuFeSa) was fed to the conversion 
step for turning the copper into sulfide form. By means of conversion, there was 
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obtained 50 t Cu x S concentrate that contained precious metals, 9 kg platinum 
and 32 kg palladium, as well as 0.1 t nickel. The rest of the nickel was 
contained in the solution that was partly returned to the leaching step and partly 
conducted to nickel recovery in a new conversion step. Thus the ore that 
5 originally contained a lot of nickel in sulfide form was concentrated to a 
concentrate containing a lot of copper, which concentrate can be used as feed 
in the further refining of copper. 
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CLAIMS 

1. A method for processing sulfide ores containing precious metals, such as 
copper ores containing nickel, characterized in that the ore or concentrate (1) 
5 containing the precious metals is leached (2), and the iron contained in the 
solution is neutralized in oxidizing conditions by means of a ferrous recirculation 
solution (6) recirculated to the leach, and that the solution (8) from the leaching 
step and at least part of the solution residue is conducted to a conversion step 
(5), where iron bearing sulfide (9) is fed for turning the copper contained in the 
10 conversion step to copper sulfide concentrate (10) containing the precious 
metals, and that the solution (6) obtained from the conversion step is partly 
recirculated to the preceding leaching step (2) and partly conducted to the 
further treatment (1 1) of the components contained in the solution. 

15 2. A method according to claim 1 , characterized in that a sulfate based solvent 
is used in the leaching (2). 

3. A method according to claim 1, characterized in that a chloride based 
solvent is used in the leaching (2). 

20 

4. A method according to claim 1, characterized in that a combination of a 
sulfate based and chloride based solvent is used in the leaching (2). 

5. A method according to any of the preceding claims, characterized in that the 
25 leaching (2) is carried out as atmospheric leaching at the temperature of 50 - 

105°C. 

6. A method according to any of the preceding claims 1-4, characterized in 
that the leaching (2) is carried out as autoclave leaching. 

30 

7. A method according to any of the preceding claims, characterized in that the 
conversion step (5) is carried out at the temperature of 90 - 200° C. 
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8. A method according to claim 7, characterized in that the conversion step (5) 
is carried out at the temperature of 150 - 190°C. 

5 9. A method according to any of the preceding claims, characterized in that 
part of the solution (6) obtained from the conversion step (5) is conducted to at 
least one further conversion step (11) for turning the components contained in 
the solution into sulfidic form in the presence of an iron bearing sulfide. 

10 10. A method according to any of the preceding claims, characterized in that 
part of the solution (6) obtained from the conversion step (5) is conducted to a 
new further conversion step that is carried out for sulfidizing nickel. 

1 1 . A method according to any of the preceding claims 1 - 9, characterized in 
15 that part of the solution obtained from the conversion step (5) is conducted to a 

new further conversion step that is carried out for sulfidizing cobalt. 

12. A method according to any of the preceding claims, characterized in that 
the sulfide material used in the conversion (5) is the same material as the 

20 material going to leaching. 

13. A method according to any of the preceding claims 1-11, characterized in 
that the sulfide material used in the conversion (5) is a different material than 
the material going to leaching. 

25 

14. A method according to any of the preceding claims, characterized in that at 
least part of the precious metal containing leaching residue (13) of the leaching 
step is conducted to a further conversion step that is carried out for sulfidizing 
nickel. 

30 
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15. A method according to any of the preceding claims, characterized in that 
the leaching step (2) and the conversion step (5) are controlled at least partly 
by means of mineral-specific potentials, impedance values or content values. 
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